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ABSTRACT 
The goal of this study is to examine testosterone's action on the androgen 
sensitive skeletal muscle levator ani. The primary purposes were to examine if 
testosterone deprivation induces changes in histone deacetylase (HDAC) 
distribution and in HDACs and myogenin level during muscle atrophy, and if 
testosterone supplementation rescues these changes. 
Sexually mature male mice were castrated, and treated with and without 
testosterone. Sham operated mice served as control. All mice were sacrificed 7 
and 14 days days post testosterone proprionate (Tp) administration . Blood was 
collected to quantify serum testosterone concentrations while the levator ani was 
removed and weighed. Muscle sections were processed for immunofluorescence 
and stained for HDACs and acetylcholine receptors. Furthermore, western blot 
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and qPCR analysis was done on the samples taken from the mice. Myogenin 
and HDAC levels were quantified by Western blots and qPCR. 
Data analysis revealed statistically significant differences in the Western 
blot and qPCR results comparing the Sham, Cast and Cast Tp experimental 
groups. With at least a P<.01 significantly lower levels of HDACs and Myogenin 
were seen in the Sham and the Cast Tp groups as compared to the Cast group. 
Immunofluorescence data on HDAC4 distribution at the level of the 
neuromuscular junction revealed no statistically significant differences in the 
means of all groups but the trend that appeared was similar to the expected 
result of Sham and Cast Tp being higher than Cast. 
The findings of the study from the qPCR and Western blot analysis 
support the finding that testosterone significantly reduces the levels of class II 
HDACs as well as myogenin in castrated mice, to levels comparable to Sham 
mice. We also find that testosterone supplementation redistribute the HDACs 
near the neuromuscular junction, again similar in phenotypic profile of the Sham 
group. These data support the growing importance of HDACs in determining the 
biochemical pathway that testosterone utilizes to induce muscle anabolism. 
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INTRODUCTION 
Embryonic origin of Skeletal Muscle 
The origins of skeletal muscle can be traced to the paraxial mesoderm, 
one of the original three germ layers of the embryo (Gassier & Hrabe de Angelis, 
1997). Further segmentation of the mesoderm gives rise to somites which are 
located bi-laterally to the neural tube and notochord (Christ & Ordahl , 1995). The 
dorsal part of the somite, the dermomyotome, gives rise to many adult tissues 
such as the dermis on the back as well as the skeletal muscle of the body 
(Buckingham eta/., 2003). The myogenic precursor cells migrate from the 
dermomyotome to the limb buds, where they proliferate and express the 
myogenic determination factors , such as the myoblast determination protein 
MyoD, and other factors required for muscle differentiation, such as Myogen in , 
and several of the Myocyte-specific enhancer-binding factors (Mef2s). These 
muscle progenitors eventually differentiate and fuse to generate the first 
multinucleated myofibers of the limb (Buckingham eta/., 2003). 
Skeletal Muscle Structure 
Skeletal muscle, most commonly known as the muscle that can be 
voluntarily controlled , is one of the largest tissue types found in the human body. 
It typically composes about 40 - 50 % of total human body weight while 
contributing to approximately 20 - 30% of the body's basal metabolic rate 
(Goodman, Mayhew, & Hornberger, 2011 ). 
Skeletal muscle achieves its functional goal by a network of thousands of 
muscle fibers working together in contractile units, connected to the skeleton via 
tendons. A single muscle fiber is the result of the fusion of hundreds of different 
muscle cells, myoblasts, to form the final elongated, cylindrical, multinucleated 
fiber. 
Inside the muscle fiber, each contractile unit, the sarcomere, consists of a 
highly structured organization of longitudinal and parallel myofilaments. These 
myofilaments are found in two major categories, thick and thin filaments. The 
thick filaments are composed primarily of the myosin heavy chain (MyHC) protein 
while its counterpart, the thin filament is mostly composed of another protein , 
actin. The interplay between the thick and thin filaments produces contraction . 
Different isoforms of MyHC determine the specific fiber type of the skeletal 
muscle. Three different types of skeletal muscle fiber exist: type 1, 2A and 28. 
Each type has a phenotypically different appearance. Type 1 fibers are slow 
twitch, fatigue-resistant cells with abundant mitochondria. Type 28 fibers are fast 
twitch but least resistant to fatigue with few mitochondria, while type 2A fibers are 
still fast twitch but are moderately fatigue resistant. 
Activation of the muscle is usually via an electrical stimulus from the 
central nervous system to the motor neuron. Each muscle fiber has a motor 
neuron that innervates it. The location of the innervations of the muscle liber by 
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the motor neuron is referred as the neuromuscular junction. The electrical stimuli 
from the nervous system cause an influx of calcium ions, which trigger the 
release of acetylcholine into the neuromuscular junction . The acetylcholine binds 
to nicotinic acetylcholine receptors that are found on the surface of the myofiber 
at the level of the neuromuscular junction and thereby induces a cascade of 
events that cause muscular contraction. 
Androgen Regulation of Skeletal Mass 
Anabolic and catabolic stimuli, both endogenous and exogenous, regulate 
the balance between muscle growth and muscle atrophy. Androgens, among 
other factors such as growth hormones, play a key part in maintaining the 
balance between anabolism and catabolism and therefore the total amount of 
skeletal muscle in the body. 
Androgens play a wide variety of roles such as sexual dimorphism in most 
animals including humans but can also play a key role in the maintenance and 
growth of many tissue types such as bone and skeletal muscle (Riggs, Khosla , & 
Melton, 2002; Herbst & Bhasin, 2004; Callewaert eta/. , 2009). Testosterone (T) 
is the main circulating androgen , primarily formed in the Leydig cells of the testes 
in males but can also be produced to a lesser extent in the adrenal cortex, in 
both men and women. 
Phenotypically, T's actions on the body can be clearly quantified in 
increases in muscle mass and strength, exemplified by its role in professional 
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body lifting . Specifically T has been shown to induce muscle hypertrophy, as 
demonstrated by the increment in the cross sectional area (CSA) of the muscle 
fibers , by increasing muscle fiber protein synthesis and accretion (Bhasin et at., 
1996; Sinha-Hikim et at. , 2002; Sinha-Hikim, Roth , Lee, & Bhasin, 2003). 
Furthermore, the rise in fiber CSA upon testosterone treatment, for example in 
humans taking steroids, is concomitant with the increment of the number of 
nuclei per fiber. It is hypothesized that the increase in nuclei is a mechanism 
required to increase the protein synthesis and to allow the apposition of new 
myofibrils (Kadi , 2008). Of note, while T supplementation increases the number 
of myonuclei , it does not increase the average number of fibers per muscle 
(Sinha-Hikim et at. 2006). Therefore, the evidence seems to suggest that 
androgens stimulate native muscle progenitor cells, the satellite cells , to 
proliferate and fuse to pre-existing fibers thereby increasing the overall number of 
nuclei per fiber, as a response to the increase demand for protein synthesis (Kadi 
et at. , 1999; Sinha-Hikim et at., 2002). The primary effect of androgens on 
skeletal muscle can be seen with the castration in experimental models. In fact, 
the removal of testosterone in rodents induces systemic loss of muscle mass, 
strength, and lowers fiber CSA. However, T supplementation in castrated rodents 
rescues most of the effects of castration (Jiang & Klueber, 1989; Antonio, 
Wilson , & George, 1999; Monks, O'Bryant, & Jordan, 2004; Axell et at., 2006; 
Brown et at. , 2009) 
4 
While the phenotypic changes are well understood, the biochemical 
pathway that androgens activate is not fully elucidated. However, what is known 
is that androgens act within the nucleus, by binding to the androgen receptor 
(AR). AR is member of the nuclear receptor family of transcription factors that 
control transcription by recruiting co-activators and co-repressors on gene 
promoters (Hiipakka & Liao, 1998). Certain nuclear receptors have been shown 
to associate with transcriptional co-repressors in the absence of ligand or when 
bound to antagonists (Hiipakka & Liao, 1998). Of particular interest, some of 
these co-repressors are histone deacetylases, HDACs, a group of enzymes that 
have been suggested as rate limiting factors in transcriptional control (Hiipakka & 
Liao, 1998). 
Neurogenic skeletal muscle atrophy and the HDAC system 
Catabolic stimuli can come from a myriad of sources not unlike anabolic 
signals. Of particular interest is the atrophy that occurs as a result of the loss of 
neurogenic signaling. Even if specific signals that induce skeletal muscle atrophy 
are indeed part of the normal maintenance of body's homeostasis, massive and 
acute skeletal muscle atrophy is associated with pathological conditions. For 
example, muscle atrophy can be part of the symptoms of diseases such as 
polyneuropathy and amyotophic lateral sclerosis (ALS) which are characterized 
by loss of nerve supply and subsequent catastrophic loss of muscle mass. 
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Moreover, advanced age, with decreased physical activity, lowers neural signals 
that activate skeletal muscle and thereby induces atrophy. 
Maintenance and usage of skeletal muscle requires motor neuron 
innervations (Moresi eta/., 201 0). Mechanical overload or increased usage is a 
product of increased neural stimulation of skeletal muscle fibers. Thus, can be 
one of the sources of the anabolism mentioned above. However, de nervation of 
muscle fibers , caused for instance by trauma, generates a strong catabolic 
response in muscle fibers , through lack of neural signaling to the skeletal muscle 
through the neuromuscular junction. Denervation causes muscle atrophy via 
ubiquitin-dependent proteolysis (Tawa, Odessey, & Goldberg, 1997; Atta ix eta/., 
2005; Attaix eta/., 2008), and this process is paradoxically mediated by 
myogenin , the same protein that is essential for muscle terminal differentiation 
into myofibers (Moresi eta/. , 201 0). 
Myogenin is thought to be upregulated in denervated skeletal muscle, and 
causes excessive expression of the E3 ubiquitin ligases muscle ring finger 
protein 1 (MuRF1) and atrogin-1 . MuRF1 and atrogin-1 are enzymes that 
promote muscle proteolysis and atrophy (Bodine eta/. , 2002; Moresi eta/., 
201 0). MuRF1 and atrogin-1 are necessary to trigger muscle protein degradation 
by ubiquitination, and subsequent digestion into free amino acids by the 
proteosome. Deletion of myogenin demonstrated conclusively a decrease in the 
expression of MuRF1 and atrogrin-1 in denervated muscle that ultimately do not 
generate atrophy. 
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In an attempt to better understand the regulatory mechanisms of 
myogen in, Moresi eta/. (201 0), demonstrated that HDACs play a key role. 
HDACs are enzymes that deacetylate the lysine on histones and thereby control 
DNA transcription. In experimental models, it was revealed that HDAC 4 and 5 
are functionally redundant proteins that directly inhibit the expression of the 
dachsund 2 (Dach 2) gene (Moresi eta/., 2010). Dach 2 is the protein that 
directly inhibits myogenin gene expression. Therefore, HDAC 4/5 inhibition of 
Dach 2 leads to an up regulation of myogen in (Moresi eta/., 201 0). This 
hypothesis has been confirmed by the removal of HDACs 4 and 5 in transgenic 
mice that failed to upregulate myogenin and thereby prevented atrophy upon 
muscle denervation. Vice versa, forced expression of myogenin via restoration of 
HDAC proteins re-established the muscle atrophy seen in denervated muscle. 
Current Study 
Previous studies have shown T to have a therapeutic effect in situations of 
neurodegeneration or denervation. Wu eta/. (2011) conducted a study in rats 
where they experimentally transected their spinal cords to assess whether 
testosterone can reduce muscle atrophy and regulate muscle atrophy-linked 
genes that were induced following the acute spinal cord injury. This paper in 
particular was of great interest to this study because, while the denervation 
caused severe muscular atrophy, testosterone significantly reduced the muscle 
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atrophy (Wu eta/. 2011 ). Furthermore, it has been reported that testosterone 
prevents muscular atrophy by attenuating the signaling stimulated by 
glucocorticoids that is able to up regulate atrophy proteins such as MuRF 
(Moresi eta/. 201 0). MuRF1 is the muscle-restricted E3 ubiquitin ligase that was 
implicated earlier in the muscle atrophy induced by denervation (Moresi eta/., 
201 0). 
As mentioned before, while the phenotypic profile ofT supplementation is 
well understood, its mechanism is somewhat lacking. This study examined the 
effect of testosterone deprivation and subsequent supplementation on the levator 
ani, an androgen-dependent skeletal muscle characterized by high levels of the 
androgen receptor. The levator ani muscle of rodents shows a rapid atrophy 
upon castration, whereas subsequent testosterone supplementation rescues 
completely this deficit. I have evaluated here a possible biological mechanism on 
how testosterone rescues the muscle mass of the levator ani. 
In the study, protein HDAC 4 and 5 level and distribution in the muscle 
fibers were analyzed via immunofluorescence, western blot and quantitative PCR 
(qPCR) assays. The neuromuscular junctions were identified using the binding to 
alpha-bungarotoxin (BTX), an ACh receptor irreversible antagonist. 
This study attempts to look at the similarities in phenotypic profile between 
castrated and denervated skeletal muscle and glean possible insights into T's 
mechanism of action. HDAC 4 and 5 are used as a platform to initiate and draw a 
connection between the better-understood mechanisms of muscle atrophy after 
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denervation and the mechanism of rescue ofT supplementation via inhibition of 
the muscle atrophy pathways in castrated mice . It is therefore implied that T 
presumably engages with HDAC 4 and 5 and thereby prevents muscle 
catabolism and shifts the balance towards muscle anabolism. 
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SPECIFIC AIMS 
Prior research has elucidated the biochemical mechanism by which 
myofibers grow, atrophy and maintain mass. Furthermore, it is well documented 
that testosterone has an anabolic effect on muscle tissue. Lastly, research has 
been conducted linking testosterone's ability to rescue, at least in part, muscle 
tissue that has been denervated (Wu eta/. 2011 ). Therefore, this study aims to 
understand the mechanism T uses to induce muscle mass gains, increase CSA 
and increase protein synthesis. 
In this study, mouse levator ani muscle was studied for its robust amount 
of AR and for its extreme responsiveness to testosterone. The tissue samples 
underwent histochemical imaging to phenotypically assess the location and local 
concentration of HDAC 4/5, as well as western blots and qPCR to determine 
HDAC 4/5 level. 
The specific aims of the study were to examine if: 
1. T deprivation induces changes in HDACs distribution. 
2. T administration in castrated mice rescues HDACs distribution as 
compared phenotypically in sham-operated, untreated mice. 
3. HDACs and Myogenin level change based on muscle atrophy and T. 
Ultimately, we hope that this study definitively links the phenotypic profile of 
HDAC 4 and denervation atrophy with the molecular mechanism of how T 
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rescues and prevents atrophy. We hope this study will help develop therapeutic 
drugs for the treatment of muscle wasting diseases such as AIDS induced 
muscle wasting or Duchenne muscular dystrophy. 
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MATERIALS AND METHODS 
Animals 
The murine model C57B 1 /6J wild type (Charles River Laboratories, 
Boston, MA) was selected. A total of 24 sexually mature two month-old male 
mice were used for this current study in two separate experiments. The mice 
were randomly assigned into three experimental groups: Sham-operated (Sham) 
mice, castrated (Cast) mice, and castrated mice with T supplementation (Cast 
Tp) using testosterone propionate (Tp ). In the first experiment mice were 
sacrificed 14 days post-castration , and after 7 days of Tp treatment, whereas in 
the second experiment mice were sacrificed 24 days post-castration and after 14 
days of Tp treatment. 
Surgical castration was performed 4 days after acclimation under 
anesthesia (1 - 3% isoflourane in oxygen atmosphere) as per a protocol 
approved by Boston University. A midline scrotal incision allowing bilateral 
access to the hemiscrotal contents was performed. After the scrotal incision and 
exposing the testicles, an electric cauterizer was used to remove the testicles. Tp 
(Sigma-Aldrich, St. Louis , MO) treatment was administered 12 days after 
castration surgery using a 1.0 em long Silastic laboratory tubing (1.47 mm (inner 
diameter) x 1.96 mm (outer diameter) (Dow Corning Crop. Midland, Ml). These 
implants were filled with 8 mg of crystalline Tp, sealed at the ends with silicone 
glue (Dow Corning Corp. Midland, Ml), quickly washed in sterile sal ine solution, 
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and inserted subcutaneously through a small incision at the nape of the neck, 
along the longitudinal axis of the body. As per the protocol Sham and Cast mice 
were implanted using just empty Silastic tubing. Surgical openings were closed 
with EZ clips (Braintree Scientific Inc., Braintree, MA). Mice were sacrificed 7 and 
14 days after Tp administration. Blood was collected for serum T concentration 
and the levator ani was removed, freed of connective tissue, weighed and snap 
frozen in liquid nitrogen-cooled isopentane for histochemical analysis or snap 
frozen in liquid nitrogen to subsequently extract proteins and total RNA. 
All mice were kept on a 12 hour light-dark cycle and given food and water 
ad libitum. Furthermore all animals were cared for according to the National 
Institute of Health guidelines for the care and use of laboratory animals using the 
approved protocols of the Committee for the Ethical Care and Use of Laboratory 
Animals of Boston University. 
Antibodies 
The following antibodies were used: 
Primary antibodies: rabbit polyclonal to HDAC4 (Abeam ab12172; 1:1000 for 
Western blot and 1:100 for immunofluorescence); rabbit polyclonal to laminin 
(Abeam ab 11575, 1:200 for immunofluorescence); mouse monoclonal anti~ 
actin (Santa Cruz biotechnology sc-47778 1 :2000). 
Secondary antibodies: goat anti mouse HRP (Santa Cruz biotechnology sc-2005 
1 :2000); goat anti rabbit HRP (Santa Cruz biotechnology sc-2004, 1 :2000); goat 
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anti rabbit FITC-conjugated (Jackson immunoresearch 111-095-144 1 :200); goat 
anti rabbit Cy3-conjugated (Jackson lmmunoresearch 111-165-003, 1 :400). 
Immunohistochemistry analysis 
8-micron sections were used of levator ani muscle. Sections were fixed in 4% 
paraformaldehyde at 4°C 25 min , permeabilized 15 min in 0.5% Triton X-100, 
and blocked in 5% normal goat serum (NGS) for 1 h. Primary antibodies were 
incubated overnight at 4 oc in 1% BSA/1% NGS. Secondary antibodies were 
incubated 1 h at room temperature in 1% BSA. Nuclei were counterstained with 
4',6'-diamidino-2-phenylindole (DAPI). To count HDAC 4 as well as its location 
within the muscle fiber, a - Bungarotoxin (BTX) and HDAC 4 antibodies were 
used. BTX staining was used to stain the acetylcholine receptors and mark the 
location of the neuromuscular junction. Muscle fibers were identified through 
immunostaining for laminin. Nikon Eclipse TE2000-E microscope (Nikon 
Instruments Inc. , Melville, NY) was used for image acquisition. 
RNA isolation and PCR analysis 
Total RNA was isolated using the TRizol plus RNA Purification kit (Invitrogen, 
Carlsbad, CA). RNA (600 ng) was retro-transcribed with the Accuscript HF 1st 
Strand e-DNA Kit (Agilent, Santa Clara , CA). Quantitative PCR (qPCR) were 
carried out in reactions consisting of 2x Power SYBR Green PCR Master mix 
(Applied Biosystems, Carlsbad , CA), 1 ml e-DNA and 200 nM of each primer in 
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RNAse-free water. 7500 Fast Real-Time PCR System (Applied Biosystems) was 
used to amplify the eDNA as follows: 2 min at 50oC; activation at 95oC for 10 min ; 
40 cycles of denaturation at 95°C for 15 sec and annealing/extension at 60°C for 
1 min. 
The following primers were used: 
Gapdh: forward 5'-GCTCACTGGCATGGCCTTCCG-3', backward 5'-
GTAGGCCATGAGGTCCACCAC-3'; 
HDAC4: forward 5'-AAGAAGCGGAGGCCACTCG-3', backward 5'-
GCCTGGTAGTTTCTT AACTGG-3'; 
HDAC5: forward 5'-CCTGCTGCAGCACGTTTTGC-3' , backward 5'-
TGGTGGCCACACGTTCACC-3'; 
Myoqenin: forward 5'-GCTCAAGAAAGTGAATGAGGC-3', backward 5'-
CTCCCTCAACCAGGAGGAGC-3'. 
Protein isolation and western blotting 
Levator ani muscle was pulverized and lysed in RIP A buffer complete with 
protease and phosphatase inhibitors (1 0 mM Tris-CI , 1% NP-40, 0.1% SDS, 0.5 
mM EDTA, 10% glycerol , 150 mM NaCI , 0.5% NaDOC, 10 mg/ml pepstatin , 10 
mg/ml leupeptin , 10 mg/ml aprotinin , 1 mM Na3V04, 1 mM PMSF, 5 mM NaF). 
Protein concentration was measured by the BCA assay (BCA Protein Assay kit, 
Pierce, Rockford , IL). 15 mg of proteins were separated in 10% SDS-PAGE gels 
and transferred to nitrocellulose membrane (GE Healthcare, Piscataway, NJ). 
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Membranes were blocked in Tris-buffered saline plus 0.1% Tween-20 (TBS-T) 
5% milk, and incubated overnight at 4°C with primary antibodies in 5% bovine 
serum albumine (BSA)ITBS-T. Secondary antibodies were incubated in 5% milk 
TBS-T. ECL (GE Healthcare) was used to impress X-Omat films (Kodak, 
Rochester, NY). FluorChem-SP Imaging Analysis System (Alpha lnnotech, San 
Leandro, CA) was used to quantify band densitometry. 
Data Acquisition 
Images were taken of the entire muscle section at 1 OX magnification. 
Three images were taken per field: one red to visualize the expression of the 
different HDACs, one blue to illustrate nuclei , and one green to highlight BTX. 
For HDAC 4 an additional phase picture was taken to illustrate muscle fiber 
boundaries. After image acquisition , each image was manually manipulated to 
adjust brightness and contrast using Spot-Advanced software. The doublet 
images (red and green) or quartet images for HDAC 4 (red , green, blue and 
phase) were then merged into a composite image. The composite images were 
increased in size to facilitate data acquisition and often magnified to verify the 
identity of fibers. An auto-count function was used in Spot Advanced to manually 
number the neuromuscular junctions that were either HDAC+ and BTX+ or just 
BTX+. Data were tallied using Microsoft Excel. 
For cross sectional area acquisition, images were taken of the entire 
muscle section at 4X magnification. A script in Spot Advanced was used to auto 
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calculate muscle fiber size. After 1500 muscle fibers were measured , Microsoft 
Excel was used to analyze the raw data. 
Data Analysis 
Statistical analysis 
Results shown are means± SEM. One-way ANOVA (Analysis of 
Variance) was used in experiments with more than two independent groups. If 
overall AN OVA revealed significant difference, Student's t test was used to 
analyze differences between groups. P values :5 0.05 were considered 
statistically significant. 
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RESULTS 
The current study is part of a larger study that assesses the results of 
supra-physiologic testosterone administration in mice. Some of the effects that 
were studied were the induction of anabolism on skeletal muscle. As mentioned 
previously, two month-old C578 1 /6J mice were randomly assigned into one of 
three groups: sham-operated (Sham) castrated (Cast) and castrated 
supplemented with Tp (Cast Tp ). Mice were treated and sacrificed as described 
in the Matherial and Methods section. The levator ani muscle was taken to 
evaluate atrophy. 
This study required that serum testosterone levels be recorded from all 
mice, to ensure that testosterone concentration were negligible for instance in 
castrated and supraphysiologic in the Cast Tp. Levator ani weight was taken to 
assess macroscopically the atrophy or lack thereof in this tissue. Furthermore, 
muscle sections were analyzed with immunofluorescence to determine the 
location of HDAC 4 along with the location of the neuromuscular junction. To 
assess protein level for HDAC 4 and 5, western blot and qPCR were performed. 
Measurement of Testosterone Level 
Serum testosterone levels were recorded at sacrifice from mice sacrificed 
in the first experiment (Figure 1. Blood samples collected from Sham, Cast 14d, 
and Cast Tp mice 7 days after Tp administration. As figure 1 demonstrates, 
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serum T level was higher in Cast Tp mice (2020 ± 341.9 ng/dl) compared to both 
Sham mice (53.2 ± 12.05 ng/dl) and Cast mice (4.4 ± 2.452 ng/dl). One-way 
ANOVA revealed significant differences. Student's t test determined significance 
of P < 0.01 between the means of Sham vs Cast Tp and Cast and Cast Tp. 
Sham vs Cast revealed significance of P< .05. 
Serum T levels 
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Figure 1: Serum Testosterone Level. 
Blood samples from 12 total mice, 4 mice per experimental group were taken. 
Log scale graph of serum testosterone levels taken from the blood at sacrifice. 
Boxes are ranges of values, lines through boxes are means and brackets 
through boxes are standard deviations. Sham had a mean of 53.2 ng/dl 
(converted to 1.73) with a standard deviation of 12.05 (converted to 1.08). Cast 
had a mean of 4.4 ng/dl (converted to .64) with a standard deviation of 2.452 
(converted to 0.39). Cast Tp had a mean of 2020 ng/dl (converted to 3.31) with 
a standard deviation of 341 .9 (converted to 2.53). 
19 
Levator ani Muscle Weight 
After sacrifice, the levator ani was removed, freed of connective tissue, 
weighed and snap frozen . The average weights (mean± standard error of the 
means) of the levator ani were recorded in milligrams for each group (Figure 2). 
Sham group (75.5 ± 1.848) was greater than Cast group (35.56 ± 1.75) and Cast 
Tp group (72.9 ± 3.54 7). One-way AN OVA revealed statistically significant 
differences between the means. Student's t-test showed statistically significant 
differences, P<.0001 for Sham vs Cast (t= 15.58 df=7) and for Cast vs Cast Tp 
(t=9.44 df=8). Sham vs Cast Tp (t=.5594 df=7) showed no significant differences. 
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Levator Ani Weights at Sacrifice 
I 
(. 
Figure 2: LA weight 
Sham group has an average value of 75.5 milligrams with a standard error of the 
means of 1.848. Cast group has an average value of 35.56 milligrams with a 
standard error of the means of 1. 75. Cast Tp group has an average value of 72.9 
milligrams with a standard error of the means of 3.547. 
qPCR of HDAC 4/5 
Quantitative PCR analysis was done for both HDAC 4 and 5 (figure 3) 
using total RNA extracted from mice of the first experiment. Concentrations of 
both HDAC 4 and 5 were compared to their respective relative concentration of 
HDAC 4 and 5 in the sham group. One-way ANOVA for HDAC4 and 5 between 
Sham and all other data categories indicated statistically significant differences in 
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the means and student's t-test revealed P<.01 statistical differences between 
Sham vs Cast and Cast vs Cast Tp. 
HDAC4/5 qPCR values relative to Sham cohort 
Figure 3: HDAC4/4 qPCR values relative to Sham cohort 
HDAC4: Sham has an average value of 1.0 with a standard error of the means of 
.04. Cast 14d has an average value of 3.468 with a standard error of the means 
of .442. Cast 7d/Tp 7d has an average value of .708 with a standard error of the 
means of .04 
HDAC5: Sham has an average value of 1.0 with a standard error of the means of 
.057. Cast 14d has an average value of 2.64 with a standard error of the means 
of .163. Cast 7d/Tp 7d has an average value of .970 with a standard error of the 
means of .08. 
Western Blots of HDAC 4 
Western blot was done for HDAC 4 (Figure 4) to determine relative protein 
concentrations between the different experimental groups, Sham, Cast 14d, and 
Cast7d/Tp7d . f)-actin was used as the loading control , and used to normalize all 
data. ANOVA revealed that there was a significant difference of the means in 
HDAC 4 between Sham vs Cast 7d as well as Sham vs Cast 14d but no 
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statistically significant differences for HDAC 5. Student's t-test determined with 
significance P< .01 between Sham vs Cast 7d (t= 4.937, df=5) and Sham vs Cast 
14d (t=5.837 df=5). 
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Figure 4: HDAC 4 Western Blot with statistical analysis 
Sham has an average value of .3119 with a standard error of the means of .02. 
Cast 7d has an average value of .548 with a standard error of the means of .03. 
Cast 11 d has an average value of .5232 with a standard error of the means of 
.08. Cast 7d/Tp 4d has an average value of .5462 with a standard error of the 
means of .02. Cast 14d has an average value of. 794 with a standard error of the 
means of .06. Cast 7d/Tp7d has an average value of .6687 with a standard error 
of the means of .03. 
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qPCR of Myogenin 
To further confirm our hypothesis that the levator ani muscle atrophy upon 
testosterone deprivation is induced by the same molecular mechanism that 
generates the muscle atrophy upon denervation, we performed a qPCR analysis 
for myogenin (figure 5). Data points were collected from the Cast groups at 14 
days post castration as well as for the Cast Tp mice, 7 days post castration with 
Tp treatment for 7 days. Concentrations of Myogen in RNA in the experimental 
groups were compared to the relative concentration of Myogenin in the sham 
group as a standard . One-way ANOVA for Myogenin concentrations revealed a 
statistically significant difference between the means. Student's t-test determined 
significance with P< .01 between the means of Sham vs Cast 14d (t=7.008 , 
df=4), and Cast 14d vs Cast 7d/Tp 7d (t=6.109, df=4). 
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Myogenin qPCR data 
Figure 5: Myogenin qPCR results 
Sham average counts were 1.0 with a standard error of the means of .323. 
Cast 14d average counts were 3. 729 with a standard error of the means of .385. 
Cast7d/Tp7d average counts were 1.199 with a standard error of the means of 
.152. 
Fiber Cross Sectional Area quantification 
In the first experiment we found that testosterone deprivation is associated 
with muscle atrophy and with changes in HDACs' gene expression, indicating 
that the loss of the anabolic effect of testosterone resembles muscle denervation, 
at least in the androgen-dependent muscle. At this point, to evaluate if castration 
induces HDACs relocation inside the muscle fibers we repeated our experiment 
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using a second cohort of mice. However, for this second experiment, we 
extended the time of castration and testosterone supplementation so as to be 
able to increase the phenotypic differences between the groups of treatment. 
Mice were sacrificed , and the levator ani was snap frozen for 
immunohistochemistry. Levator ani muscle mass changes were compatible to 
what is shown in the first experiment, as well as the level of serum T. To evaluate 
if the reduced mass of the levator ani in castrated mice reflects also the reduced 
size of muscle fibers , cryosections of the levator ani were stained for laminin. 
Laminin, being one of the major proteins in the basal lamina, was used to 
demarcate the borders of the skeletal muscle fibers , and the cross sectional area 
(CSA) of the fibers was attained . The CSA of 1500 transversely sectioned muscle 
fibers was used to calculate the averages in all groups (Figure 6). CSA of the 
Sham group had an average of 1316 ± 207.6 ~m2 , while the Cast group's average 
was 426 ± 207.6 ~m2 and Cast Tp group's average was 1577 ± 240.3 ~m2 . One-
way ANOVA revealed significant differences. Student's t test determined 
significance with P~ .05 between the means of Sham vs Cast (t = 4.147, df = 4), 
as well as between the means of Cast vs Cast Tp (t = 4.671 , df = 4 ). 
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Figure 6: CSA of LA 
Sham group had an average CSA of 1316 f!m2 with a standard error of the 
means of 207.6. Cast group, 24 days post surgery, had an average CSA of 
426 f!m2 with a standard error of the means of 207.6. Cast Tp group, 10 days 
post castration surgery with 14 days of Tp supplementation, had an average CSA 
of 1577 f!m2 with a standard error of the means of 240.3. 
Immunofluorescence of HDAC 4 
To determine if testosterone deprivation affects the distribution of HDACs 
inside the muscle fibers as phenotypically shown in denervated muscles, 
immunofluorescence of HDAC 4 was done. The neuromuscular junctions were 
identified by BTX staining . The number of BTX positive and HDAC 4 positive 
regions were counted in 1 OX merged images and then normalized for every 100 
counts (Figures 7 and 8). Figure 7 depicts representative images from which the 
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counts were taken from. As figure 8 demonstrates, the mean counts for HDAC 4 
(mean± standard error of the means) for Sham, (5.02 ± .039)) is larger than Cast 
(1.43 ± .7) and Cast Tp (3.11 ± .9). ANOVA analysis indicated however, that the 
differences between the means for HDAC 4 were statistically insignificant; P 
values= .5. Immunofluorescence of HDAC 5 was also performed with similar 
results. 
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Representative Immunofluorescence of HDAC4+, BTX+, and DAPI + 
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Figure 7: Representative Immunofluorescence of HDAC4+,BTX+, and DAPI+ 
Representative images stained for BTX, HDAC4 and DAPI. Overlapping Spots of 
green and red were considered positive for both BTX and HDAC4. 
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HDAC4+BTX+ spot counts 
Figure 8: HDAC4+BTX+ spot counts 
Sham average counts were 5.02 with a standard error of the means of .039. 
Cast, 24 days post-castration, average counts were 1.43 with a standard error of 
the means of . 7 and Cast Tp 10 days post castration/14 days of Tp 
supplementation , average counts were 3.11 with a standard error of the means 
of .9. 
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DISCUSSION 
The effects of testosterone on the levels of HDAC expression and 
distribution in the muscle fiber following castration were examined in this study. 
Previous studies for example by Moresi eta/. (201 0) linked the HDAC system to 
muscle atrophy thereby suggesting that the means of reversing atrophy could lie 
with in the HDAC system. Multiple statistically significant data, which included 
gross mass, serum testosterone levels at sacrifice and CSA were collected to 
show that castration caused atrophy within the highly androgen responsive 
muscle levator ani. Further investigations using immunofluorescence, qPCR and 
western blots of HDACs as well as myogenin were used to lend significance and 
suggest a novel molecular mechanism of testosterone and its role in rescuing 
muscles from atrophy. 
Strengths 
A clear strength of this study is the establishment of foundational pieces of 
information such as serum testosterone levels, which was necessary to 
extrapolate further deductions. The levels of serum testosterone at sacrifice 
showed significant differences between the means of Sham, Cast and Cast Tp; 
thereby confirming the assumption that the administration of Tp allowed for 
supra-physiologic concentrations ofT in the blood and therefore available to the 
muscle. Furthermore the significance of their differences supports the 
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understanding that testosterone supplementation caused the subsequent 
outcomes seen in the HDACs and Myogenin in Cast Tp mice. 
The results from other phenotypic markers characteristic of castration, 
levator ani muscle mass and CSA, demonstrated significant differences between 
Sham and Cast as well as Cast and Cast Tp thereby supporting previous studies 
that show testosterone's ability to rescue muscle from atrophy. The 
immunofluorescence using laminin for CSA calculations were of high quality and 
the microscope tissue sections were devoid of significant rips or tears . 
Additional strengths of this study are demonstrated by the quality of the 
immunofluorescence. Often times the tissue is damaged during sectioning or 
during staining procedures. The high quality of the staining allowed this study to 
make use of the tissue sections and extended credibility to the subsequent data 
that was generated from them. As demonstrated by the trends in the data for the 
immunofluorescence of HDAC 4, Sham and Cast Tp are higher than the 
averages for Cast. More important than the trend however, the 
immunofluorescence revealed differences in HDAC 4 distribution. As indicated in 
the phenotypic differences amongst Sham, Cast and Cast Tp; HDAC 4 
concentrated red spots can be seen in Sham and Cast Tp, which perfectly 
overlaps with the green spots indicating the acetylcholine channels tagged by 
BTX characteristic of the neuromuscular junction. However, in Cast, the HDAC 4 
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profile seems much more defuse throughout the muscle fiber, and less 
concentrated within the neuromuscular junction. This observation suggests that 
HDAC 4 moves into the neuromuscular junction possibly due to testosterone. 
The quality of the qPCR and western blots for myogenin and HDAC 4 and 
5 support the suppositions presented by Moresi eta/. (201 0) , in a statistically 
significant manner, while simultaneously demonstrating that testosterone played 
a clear role in suppressing HDAC 4 and 5 transcription. As indicated by figure 3, 
RNA level of HDAC 4 and 5 were significantly higher in the castrated mice as 
opposed to the Sham or Tp treated mice. Furthermore t-tests indicated that the 
differences between the means of the Sham and Tp treated mice were 
insignificant: cast Tp mice had reduced HDAC 4/5 RNA transcripts to levels on 
par with Sham operated mice. Figure 4 supports the same finding that lower 
transcription of HDAC 4 leads to lower translation to protein as indicated by the 
significant differences between the means of Sham and Cast mice while the 
same t-test between Sham and Tp treated mice yielded no significance. 
Furthermore the results of our study's qPCR of myogenin (Figure 5) support the 
findings of Moresi eta/. (2010). There is a significant difference between Sham 
and Cast mice in myogenin RNA level as well as between Cast and Cast Tp. t-
tests reveal no significance between Tp treated mice and Sham, therefore it is 
suggested that Tp treatment also lowers myogenin transcription to levels similar 
to Sham mice. 
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Weaknesses 
The primary weakness of this study is that many of the 
immunofluorescence analysis yielded interesting trends but ultimately no real 
statistically significant differences. Figure 8 illustrates for HDAC 4 that a trend is 
present but not significant. However, the trend that did surface in figure 8 is one 
that is expected and concurs with the other data. As a statistical issue of power, 
the sample size could have contributed to the overall lack of significance in the 
immunofluorescence. Overall only four unique mice were used within each 
experimental group. It is possible that additional mice could have resulted in 
yielding significant results. 
Furthermore, while precautions were taken when sectioning the levator ani 
samples for CSA analysis, it is possible that the data could have been skewed 
due to differences in how obliquely the tissue was cut. 
Lastly, due to only one type of skeletal muscle, the levator ani it is difficult 
to conclusively extrapolate the results of this study to other muscles in general. 
The levator ani was chosen specifically due to the robust amount of AR that is 
present. Therefore it would experience the most amount of change for a given 
amount of testosterone. A muscle with less AR could respond differently. 
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Future Work 
Future work would likely include repeating many of the same experiments 
with the same parameters except using mice that are 2 years old instead of the 2 
months old mice presented in this study. This would allow better generalization 
from a young age cohort to a more elderly cohort and possible novel targets of 
study. 
Specifically, future studies would be directed at extracting RNA from the 2 
years old mice's LA and running qPCRs for HDACs 4 and 5 as well as for 
Myogen in. Further samples would be taken for western blots of the same 
aforementioned proteins and the same statistical analysis would be done. 
Furthermore, while repeating the experiment with samples on 2 years old 
mice would be the immediate project, using a different muscle simultaneously 
with LA in the same study could be a future project. A muscle with much less AR 
as compared to the LA, such as the tibialis anterior could prove beneficial to 
eventual generalization of this mechanism for testosterone. 
Lastly, atrophy and anabolism are very complicated processes that have 
many different growth factors and other transcription factors that this project 
neglected to study. It is possible that these other factors could interact with 
36 
testosterone and therefore be causing the changes in phenotype. Therefore in 
order to better understand the biochemical mechanism of testosterone, other 
proteins would be studied as well. 
Conclusion 
The present study used qPCR, western blots and immunofluorescence 
techniques to illustrate the relationship between testosterone, HDAC 4 and 5 as 
well as myogenin in a context of muscle atrophy. Immunofluorescence of HDAC 
4 yielded a distribution that was similar in profile between Sham and Cast Tp 
mice; concentrated HDAC 4+ areas overlapping the neuromuscular junction 
while Cast had a more diffuse appearance. This seems to suggest that 
testosterone directly affects the distribution of HDAC 4 and causes the migration 
of HDAC 4 into the neuromuscular junction. 
Furthermore, quantitative PCR of the proteins yielded significant 
differences, suggesting that testosterone does reduce myogenin, HDAC 4 and 5 
transcription and translation for HDAC 4. 
Overall , the findings in this study support our hypothesis that testosterone 
acts to reduce muscle atrophy by repressing a molecular mechanism which has 
been shown to be active in denervation mediated skeletal muscle atrophy 
(Moresi et at., 201 0). 
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